In this paper we describe an easy-to-implement algorithm for automated generation of the linguistic variable term membership functions to allow for information search in a relational database based on qualitative criteria by means of the SQL query language. The proposed algorithm makes it possible to calculate the parameters of the triangular and trapezoid membership functions taking into account the distribution of the variable of interest stored in the database. The algorithm defi nes the intervals covered by the term bases, so that each interval contains about the same number of values. Upper bounds of the defi ned intervals are used to calculate the parameters of membership functions. The parameters of the membership functions generated with this algorithm can be easily calculated with the limited computational means of the SQL language.
Introduction
A t the core of any information system lies a database that stores the information processed by the system. One of the functions of the system is searching the database for any requested data. Currently, relational databases that support the search for information using SQL language are the most widely used. Composing a search request in SQL requires the user to set definite ranges for the values of the data being requested, something which is often impossible due the lack of such information. Moreover, the user, especially a novice, is better accustomed to using qualitative search criteria that could be expressed verbally. This kind of user-system interaction is also more convenient for the user.
In an implementation of information search in a database based on qualitative criteria, the tools of fuzzy logic can be used. They involve the use of linguistic variables and the generation of corresponding base term sets (fuzzy sets) that provide a quantitative interpretation for the qualitative search criteria [1] [2] [3] [4] [5] .
Performing a fuzzy search query in a relational database requires converting it first into a command of the standard SQL language. Paper [6] describes such a conversion procedure that is implemented with the help of the graphical interface of the information system. Within this procedure, the values of the membership functions of the fuzzy sets used are calculated on-the-fly in the course of performing an SQL query. Linguistic variable terms are represented by parametric fuzzy numbers with trapezoid and triangular membership functions. Their parameters can be easily calculated using the commands of the SQL language, which is not intended for complex calculations. This paper [6] uses the assumption about a uniform distribution of the data sampled from the database to find the parameters of the terms. This assumption limits the applicability of the proposed method and might lead to unacceptable results when it is not valid. In particular, if the distribution of the experimental data is nonuniform, it might happen that no values at all from the database would be in the base of some terms. To avoid such issues, a calculation of the terms' parameters must take the experimental data distribution into account. The term bases must contain approximately equal numbers of values available in the database.
Traditionally, the membership functions of the linguistic variable terms are generated based on expert information, which makes the procedure difficult to automate. For this reason, many researchers have made considerable effort towards the development of algorithmic methods of membership function generation. The papers [7; 8] provide an overview of the existing methods of automatic generation of membership functions. Among them are the methods of inductive logical inference [9] , fuzzy c-means clustering methods [10] [11] [12] [13] , neural networks [14; 15] , histograms [16] , methods based on fuzzy entropy and other special measures [17; 18] , genetic algorithms [19] [20] [21] , ant colony system algorithms [22] , heuristic algorithms [23] , and particle swarm optimization [24] . The characteristics of the aforementioned methods are presented in Table 1 [8] .
All the methods listed above have been developed for particular applications of classification and are used to assign experimental data to fuzzy sets. However, they are not guaranteed to produce uniform distribution with an approximately equal number of elements in each set.
Paper [25] proposed a method of partitioning a source sample of values into intervals that contain equal numbers of values. However, using this method one might see identical values being assigned to different intervals, which defeats the purpose of classification.
The membership functions generated using the above methods do not always meet the necessary conditions of being ordered, complete, consistent, or normalized [2; 4] , and still require further approximation. For example, the Gaussian membership functions generated by the particle swarm optimization are subnormal [8] .
The existing algorithmic methods of generating membership functions typically have a high computational complexity. Using neural networks makes it necessary to provide a training set. The genetic algorithms, ant colony system algorithms, and particle swarm optimization methods require an objective function to be specified. They are also notorious for their large time to convergence and the possibility of their convergence to a local optimum. The implementation of most methods listed above requires some specialized software.
In this paper, we propose a simple-to-implement method for automatic generation of the membership functions for linguistic variable terms. The method takes into account the distribution of values of the parameter at hand stored in a database, which makes it possible to assign an approximately equal number of values to each term base. In addition, this method can be used to generate an arbitrary number of membership functions that possess the required properties.
Problem formulation
Tables of a relational database store numerical values of objects' characteristics used by an information system that must be evaluated and selected based on some qualitative fuzzy criteria (for example, "low," "medium," "high"). To perform a fuzzy search query, one has to provide linguistic variables corresponding to the properties being evaluated. To enable the automatic generation of a linguistic variable, we need an algorithm that would allow us to calculate the number and parameters of the membership functions of the linguistic variable terms. The choice of the number of values (terms) of the linguistic variable is up to the user. The basic scale of a linguistic variable is specified based on a set of all values of the property under investigation obtained from the database and is given by the interval , where is the minimum value of that property and is the maximum value of that property. Each term base must contain an approximately equal number of values of the property being evaluated that are available in the database. The set of values and their frequencies can be obtained from the database using an SQL query as a sorted (ascending) matrix , where the number of rows is the number of different measurements (values of the parameter at hand in the database), the matrix elements are the values of the -th measurement, and are the frequencies of the -th measurement,
. The membership functions we are seeking to generate should be defined in such a way that their values could be easily calculated by means of the SQL language, which falls short of the computational efficiency of a universal programming language. The membership functions must meet certain requirements [2; 4] .
We will represent the terms of a linguistic variable by parametric fuzzy numbers with the most common trapezoid and triangular membership functions. We will use the trapezoid membership functions for the minimum and maximum terms, and the triangular membership functions for the rest of the terms. The above choice of the membership function types was influenced by our goal to ensure the possibility of calculation on-the-fly while running an SQL query, considering the limited capabilities of SQL language. The calculation of the values of the membership functions is performed according to the following formula: ,
where are the parameters of the membership function .
Let us split the base of the term into two intervals. The total number of such intervals is , where is the number of terms. .
Fig. 1. Membership functions of linguistic variable terms
We need to define the intervals covered by the term bases so that each interval would contain an approximately equal number of values of the property at hand, and moreover, so that identical values would lie within the same interval. The upper bounds of the intervals being defined are used to calculate the parameters , of the terms membership functions and are given by the quantiles of the uniform discretization of the source sample. . Then, to calculate the quantiles ( ), we only need to choose to be such elements ( ) of matrix that the function is minimized. Alternatively, another equivalent criterion of optimality could be used:
.
The value coincides with the largest value in the sample: .
The optimization is performed under the following conditions:
for j 1 , j 2 , j 1 j 2 , for which , , G 1 G 2 = are defined.
To obtain non-trivial and nondegenerate solutions, the number of the terms must obey the following condition:
. The number of measurements contained in each of intervals cannot be smaller than the maximum frequency of the measurements, therefore . This means that the number of the terms must meet the following condition:
The parameters of the terms' membership functions are found as follows:
Algorithm for generation of membership functions
Let us find the actual number of the measurements that get assigned to the -th interval (
) and the parameters of the linguistic variable terms according to the following algorithm:
Step 0. Verify that the conditions (2) of the existence of non-trivial and nondegenerate solutions are satisfied. If the conditions (2) are satisfied, then go to Step 1.
Step 1. Initialize ( ).
1.1.
For each (j = 1, ..., m -1), find as follows 1.2.1. Initialize ( ).
1.2.2.
While , consequentially accumulate the values in : .
If
, then find and :
Here is the difference between the required number of measurements within the interval and the actual number of measurements within the -th interval, not counting the -th measurement; is the difference between the actual number of measurements within the -th interval (counting the -th measurement) and the required number of measurements. The value of shows how much the number of measurements within the -th interval is smaller than the required number (the shortage), while the value of shows how much the number of measurements within the -th interval is greater than the required number (the surplus).
1.2.4.
If the shortage without the account for the last measurement is smaller than the surplus (R < Q), then remove from the last measurement added to it h i2 : 
3.4.
Find the number z2 l of measurements assigned to the first interval:
3.4.1. Initialize z2 j (z2 j ).
3.4.2.
Add to z2 l all the remaining measurement: for all (i = i -1, ..., l)
Step 4. Find the total deflection of the number of measurements from the required : .
Step 5. Find the values of the parameters a j , b j , c j , d j of the linguistic variable terms using the elements of vector corresponding to the distribution of measurements for which the least total deflection is achieved (if , then use vector corresponding to the distribution of measurements, otherwise use corresponding to ) as follows:
Let .
Then for each j (j = 1, ..., m -1) do:
Analysis of the results produced by the algorithm
We consider the realizations of the above algorithm used to generate 3 and 5 terms of a linguistic variable based on samples from a database that contained 100 or 500 different values. Table 2 . Table 2 demonstrates that the total deflection of the number of measurements from the required for the downward processing of matrix is greater than that for the reverse processing ( ), therefore the parameters of the membership functions are defined using vector
. The values of the parameters of membership functions calculated at Step 5 of the algorithm are presented in Table 3 . Plots of the membership functions for 3 and 5 terms obtained through the algorithm are shown in Figures 2 and 3 , respectively. The experimental data sampled from the database are presented by histograms in the figures.
The shape of the membership functions calculated without the account for the distribution of experimental data for the same data samples are shown in Figure 4 . Figures 2 and 3 , the proposed algorithm generates the membership functions for the linguistic variable terms that meet all the essential requirements [2; 4] . In particular, it is ensured that each term base contains an approximately equal number of values. By contrast, the membership functions generated without the account for the experimental data distribution (see Figure 4) do not possess the required properties and require further approximation. 
As seen from

Conclusion
The proposed algorithm makes it possible to automate the procedure of generating the membership functions for the linguistic variable terms. The parameters of such membership functions can be stored in a database and later used to submit fuzzy queries in SQL language. In contrast to the existing methods of automatic generation of the membership functions, our algorithm is simple to implement, specified number of triangular and trapezoid membership functions. The membership functions generated with the help of this algorithm take into account the experimental data distribution. Additionally, the respective term bases of the linguistic variable contain approximately equal numbers of values selected from the database. The membership functions obtained through this algorithm possess all the required properties [2; 4] and do not necessitate further approximation. At the same time, the algorithm was developed for the solution of the particular problem stated above, and cannot be claimed to be universal.
The algorithm implementation creates opportunities to support fuzzy search queries in relational databases using the means of SQL language, as limited as they are. Thus, the system's level of int elligence would be increased, and the user would be provided with the means of search query formulation in a natural language. The membership functions of the linguistic variable terms generated using our algorithm can be used within the framework of a fuzzy rule-based knowledge base of an information system, as well as to perform fuzzy inference. does not require considerable computational resources or specialized software, is free of adjustable parameters, does not require a training set, and enables the generation of any user-
